Introduction
Because NAEP estimates of state-level achievement play an important role in the evaluation of strategies for improving the nation's educational system, it is important that these estimates have as small a standard error as possible. NAEP estimates for state-level achievement are based on measurement of the performance of a random sample of students, and the 40-minute measurement of each student's performance includes inherent random error. The standard error of state-level estimates can be reduced either by increasing the sample size, which is expensive, or by reducing the error in each student's measurement. The error of measurement can be reduced by increasing testing time, but that would also entail additional cost, as well as additional burden on the students selected to participate in NAEP.
The error of measurement varies from student to student, and that variation depends on the "fit" between the student and the test. For the highest achieving students, easy test items provide little information, and for the lowest achieving students, hard test items provide little information. NAEP test booklets each include two blocks of items, and these item blocks vary in difficulty. If booklets with at least one easy block could be targeted to include the lowest achieving students, then the error of measurement for the segment of the population they represent could be reduced at very little cost. Likewise, if booklets with at least one challenging block could be targeted to include the highest achieving students, their measurement error could be reduced. A savings of 10 percent in the measurement error would produce benefits equivalent to increasing the length of the test or the number of students tested by nearly 20 percent, and a simulation study sponsored by the NAEP Validity Studies Panel estimated that such a reduction should be possible (Linn, McLaughlin, Jiang, and Gallagher, 2004) .
The standard error of NAEP achievement statistics tends to be larger, other things equal, for low achieving groups, so there is a special need for blocks of items that are better fitted to their achievement levels. NAEP has attempted to develop such item blocks since 2000, with limited success. Nevertheless, NAEP item blocks differ in difficulty, and the present study was undertaken to estimate the relation between block difficulty and average standard error of measurement, as well as the resulting reduction in the standard error if students were to be assigned an optimal item block based on the measurement of their achievement provided by state assessment scores. For this study, the records of participants in the 2003 NAEP reading and mathematics assessments in four states were matched to state assessment records, and the standard errors of lowest and highest quartile students, based on the state assessments, were compared for all of the existing NAEP item blocks.
Five research questions guided this study:
1. How different are the difficulties of blocks on existing NAEP reading and mathematics assessments?
2. Can state assessments identify potentially low achievers on NAEP?
3. Are standard errors affected by block difficulties; specifically, are the standard errors for predicted low-achieving students smaller when they are assigned a booklet with an easy block?
4. What is the impact of easier blocks on the standard errors for NAEP's demographic reporting groups?
5. What other factors, such as completion rate or block position may also influence standard errors for low-achieving students?
The question of feasibility of acquiring and using state assessment scores is addressed in a companion report (McLaughlin, Scarloss, Stancavage, & Blankenship, 2005) , and is answered affirmatively.
How different are the difficulties of blocks on existing NAEP reading and mathematics assessments?
The two-stage testing strategy for reducing measurement error depends on the availability of alternative second stages (i.e., NAEP booklets) that vary in difficulty. For optimal information about a segment of the student population, the test items should be designed so that the average percent correct (referred to as "P+" for brevity) is about 2/3. Items that are optimal for the lowest achieving students might have values of P+ for the entire population of as much as 90 percent, while those that are optimal for the highest achieving students might have values of P+ not substantially greater than the guessing rate for the population as a whole. The first question is the extent of variation of the current NAEP block difficulties. Could substantially easier item blocks be generated, or is the current variation as great as can be obtained?
Can state assessments identify potentially low achievers on NAEP?
Administration of a "screener" test as a part of NAEP administration would dramatically increase the cost and complexity of NAEP, but pre-identification of potentially lowachieving students based on available test scores (i.e., state assessment scores) would not substantially increase the cost and complexity of NAEP testing sessions, compared to current procedures, which already pre-assign booklets to students. The important question for the effectiveness of pre-assignment based on state assessment scores (e.g., quartiles) is the extent to which these scores would identify different levels of achievers on NAEP. The question can be addressed by examining the NAEP performance of students in different quartiles of the state assessment score distribution in each state.
NAEP records the "posterior standard deviation" for each student record, which is an estimate of the size of the error in measuring the student's achievement on NAEP. Although this is not strictly the same as classical standard error of measurement, it is practically equivalent, since it used in the same way as a standard error of measurement in computing standard errors of aggregate state-level summary statistics. The posterior standard deviation is, of course, a function of both item blocks in the student's test booklet, and each item block is paired with every other item block in the NAEP system. This means that the posterior standard deviations associated with particular blocks are somewhat less varied than they would be if blocks were administered separately. However, the two-block balanced incomplete block ("BIB") spiral design is essential to the conduct of NAEP. Moreover, that design ensures that members of "alleged" low-achieving groups, even if assigned booklets with one easy block, also have opportunities to respond to one of the more difficult item blocks.
What is the impact of easier blocks on the standard errors for NAEP's demographic reporting groups?
NAEP does not ordinarily report achievement by quartiles, but rather by demographic reporting groups. Therefore, it is of more practical significance to know how much the standard errors might be reduced for demographic groups that are both relatively small and traditionally over-represented in the lowest quartile of achievement.
5.
What other factors, such as completion rate or block position may also influence standard errors for low-achieving students?
It is a reasonable assumption that errors of measurement are greater for students who fail to complete a block of items. That effect may be completely confounded with the difficulties of the items in the block (i.e., with P+), or it may provide additional information for identifying item blocks that can yield smaller standard errors for students in the lowest quartile.
Further, NAEP test booklets each consist of two separately timed blocks of items. It is possible that students in the lowest quartile do not respond reliably to an easy block if they first encounter a "de-motivating" difficult block. If that is the case, then it is important not only to assign a test booklet with an easy block to these students but to assign a booklet in which the easy block appears first.
Methods

NAEP Data
In NAEP, estimates of student achievement are first computed by subscale and then combined into a composite estimate. There are five subscales for mathematics, two subscales for grade 4 reading, and three subscales for grade 8 reading. NAEP items are presented in blocks, and each booklet contains two item blocks. For mathematics, each of the five subscales is represented in each of the blocks, as shown in table 1.
For reading, unlike for mathematics, each item block assesses a single subscale under the current assessment design. This limits the utility of identifying a single "easy" block for inclusion in reading booklets assigned to students who are optimally tested by easier items: the easy items would only be relevant to a single subscale, whereas the objective is improved precision on the composite reading achievement measure. Nevertheless, we carried out the analyses in this study for reading blocks, as well as mathematics blocks, in view of the possibility that the reading assessment might be redesigned at some point in the future. The main database for this study consisted of records from the 2003 NAEP grade 4 and grade 8 reading and mathematics assessments for four states. State assessment files were matched to the NAEP records to retrieve state reading and mathematics assessment scores for each student. The resultant database was used to address two distinct questions: the use of state assessments to assign booklets to NAEP students to minimize measurement error is considered in this report, while the use of state assessments to impute achievement of students absent from NAEP is considered in a companion report (McLaughlin et al., 2005) . The companion report also addresses issues related to the feasibility of acquiring state assessment scores on a national scale and on a schedule commensurate with NAEP's operational requirements.
Nearly all NAEP records were matched in the dataset prepared for this pair of studies. These included records for participating, absent, and excluded students. Only the records of participating students are relevant here, however. 
Analysis
The difficulty of each block was estimated by computing the weighted average of P+; that is, the average percentage of the maximum possible score achieved by students in the combined four-state sample. Dichotomous items were scored as one point for a correct answer, and partial credit items were scored in integers, from zero up to the maximum specified by NAEP. Item scoring procedures provided by the Educational Testing Service to accompany the data were used for scoring.
Records were divided into four quartiles in each state, based on state assessment scores. The quartiles were unweighted. Analyses were carried out separately for each quartile, although results are only presented overall and for the lowest and highest quartiles.
To estimate the potential for reducing standard errors by introducing blocks with higher values of P+, a linear regression was estimated for the relation across blocks between P+ and the posterior standard deviation, which served as our measure of standard error. For these regressions, the posterior standard deviation values for each block were based on all of the booklets containing that block.
Posterior standard deviations are provided by NAEP for subscales, but not for the composite. It is important that any two-stage testing procedure minimize standard errors on all subscales, so statistics were computed for all subscales. However, for brevity of presentation, standard error estimates presented in this report are for composites. The posterior standard deviation for the composite for each record was computed from the subscale posterior standard deviations, using the observed correlations among the subscale mean plausible value deviations from their respective posterior means as estimates of the correlations among the subscale measurement errors. A second estimate of the standard error of measurement for each record was obtained as the standard deviation of the five plausible values. A third potential measure of standard error is the measurement error component of the standard error estimate for NAEP mean scores for students assigned to different booklets.
Analyses of the relations between block difficulty and errors of measurement were carried out using the first of these three standard error estimates, the posterior standard deviation recorded on the NAEP data files. The relations among these three standard error estimates were examined for one grade and subject, grade 8 mathematics, for both the four selected states and the entire 55 jurisdictions participating in the assessment.
Differences between "standard error" measures
As noted, the dependent variable used in the main analyses for this study was the "posterior standard deviation" provided by ETS on the plausible value file. The posterior standard deviation is the standard deviation used for generating the five plausible values for each student, and the variation of averages based on the five sets of plausible values is the basis for the measurement component of the reported standard errors of NAEP results.
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As a check on results in this paper, some analyses were recomputed using the other two standard error measures, the standard deviation of the plausible values and the measurement component of the standard error of the mean, as the dependent variable. Because the results were somewhat different, we calculated the correlation, across blocks, among these three measures and with P+, for the lowest quartile of students in each state in the 2003 NAEP grade 8 mathematics assessment. The averages of these correlations are in table 2, with the average correlations for the four states included in study shown below the diagonal, and the average correlations for all 55 jurisdictions shown above the diagonal. For example, the average of the correlations for the four study states, between the percent correct (P+) on an item block and the mean square of the posterior standard deviation for students in the lowest quartile in each state, whose booklets contain that block, was -0.41. The use of the root mean square of the posterior standard deviation (labeled "PSD" in this report) appears to yield approximately the same results as if we had used the standard deviation of the plausible values. The average correlation, across blocks, of these two measures is 0.82 in the four states and 0.84 in all the states participating in the assessment; and the average correlation of the percent correct (P+) with these measures is similar (-0.31 and -0.41 in the 4 study states, and -0.33 and -0.39 in all states), although the correlation with the plausible value standard deviations is somewhat lower, probably due to both the introduction of random imputation variance and the inclusion of error variance in the conditioning coefficient estimates.
The correlations with the measurement error component of the estimated standard error of the mean, which is the standard deviation of the five means computed for the five different sets of plausible values, are very different. Unexpectedly, these standard error estimates are virtually uncorrelated with P+ or with the other standard error estimates.
The estimated standard error of a mean is a function of both the error of individual measurements and the sample size, but different sample sizes cannot be the explanation of the low correlations among these measures because the correlations are across blocks (n=10) and each block is administered to nearly exactly the same number of students. Also, all three of the standard error measures include effects of "conditioning," so the differences do not appear to be due to the inclusion of conditioning in some of the measures and not others. The reason for the low correlations may lie in the way in which the plausible values are constructed.
Results
How different are the difficulties of blocks on existing NAEP reading and mathematics assessments?
The first question concerns the range of difficulties of current NAEP item blocks in reading and mathematics. To address this question we computed P+ for each 2003 block, based on the four states in the study. The results are shown in tables 3 and 4. Table 3 displays the average percent correct (P+) for each block, based on all of the students in the study (NAEP students with state assessment scores). In this and all other tables in this report, the averages across four states are presented. Although there is substantial variation in block difficulties for the population, there is also substantial room for generation of item blocks that are easier and harder than any in the 2003 assessment. The analyses in this study are limited to a range of P+ from 46 to 63 for mathematics and 38 to 77 for reading. Blocks in which the average score is 85 or 90 percent correct, in the overall population, should be scalable in NAEP. For the lowest quartile, none of the blocks in mathematics approach the level of optimal information. All have P+ values less than 50 percent. For these students, NAEP is clearly a difficult test. For reading, on the other hand, there appear to be one block at grade 4 and two at grade 8 that might be sufficiently easy for students in the lowest quartile.
Can state assessments identify potentially low achievers on NAEP?
The second question concerns the ability of state assessment scores to identify student populations that will achieve low scores on NAEP. To address this, we examined the NAEP mean scores for students in each quartile on each state's assessment, shown in table 5, and compared these means to the actual means of the quartiles as determined by NAEP, shown in table 6.
In both subjects and grades, students in the lowest quartile on state assessments clearly averaged lower performance on NAEP than other students, although not as low as the lowest quartile of the NAEP students. 3 It appears that state assessments can effectively identify students who will score low on NAEP. Roughly 60 percent (for reading) and 65 percent (for mathematics) of students in the lowest quartile on their state's assessment also had mean composite NAEP plausible values in the lowest quartile. Most of the remaining students in the lowest quartile on their state assessment were in the lower middle quartile on NAEP. Given that there is variation in block difficulties in NAEP and that state assessments can identify low scorers on NAEP, we consider the third question: the extent to which assignment of booklets with particular blocks has an effect on standard errors (as measured by the posterior standard deviations provided by NAEP). The range of posterior standard deviations, for students with booklets containing particular blocks, is shown in table 7. These posterior standard deviations are reported in the "theta" scale, in which the standard deviation of scores in the population is assumed to be equal to one. 4 We see, therefore, that the standard errors are in the range of approximately a third of a population standard deviation, slightly higher for the lowest quartile than for the highest quartile and slightly higher for reading than for mathematics.
For the lowest quartile, the minimum posterior standard deviation is less than 10 percent less than the maximum, except for grade 8 mathematics, where it is 12 percent less than the maximum. Therefore, assignment of the lowest quartile students on the state assessment to booklets containing particular blocks cannot have a substantial effect with the current item blocks. New item blocks designed to provide accurate measures for low achieving populations are needed. To determine the extent to which designing blocks with easier items can improve the standard error, we examined the relationship between these variables. Twelve charts in the appendix show, for mathematics and reading, grades 4 and 8, scatter plots of the relation between P+ (percent correct) and PSD (posterior standard deviation) for the lowest quartile of students, the highest quartile of students, and all students combined. The results are summarized in table 8. For students in the lowest quartile based on the state assessment, there is a tendency for students who received booklets with easier blocks to have smaller standard errors, while the reverse is true for students in the highest quartile. However, for the lowest quartile, the size of the effect, except for grade 4 reading and grade 8 mathematics, is very small. Based on extrapolation of the regression, for grade 8 mathematics, creation of a scalable block whose P+ is 85 for the whole population would reduce the standard error for the lowest quartile by 17 percent, which would be a valuable improvement. For grade 4 reading, the reduction would be 7 percent, which would be of questionable benefit, given the effort.
As an aside, for reading, these results also suggest that standard errors might be reduced for the highest quartile by assigning them booklets containing blocks with more difficult items. However, the block-subscale confounding of the reading assessments, mentioned earlier, must be considered in deciding whether to take action based on this finding.
The decision to focus on the lowest quartile in this study was largely arbitrary, although it was based in part on the idea that state assessment scores might be more easily available in terms of score categories ("achievement levels"), of which many states report four. The effect might be larger for a more extreme group, such as the lowest decile. In fact, however, the variation between blocks in P+ values for the lowest decile, shown in table 9, were found to be about the same as for the lowest quartile, although the average P+ values are lower. Standard errors are generally larger for the lowest decile than for the highest decile, as shown in table 10. The pattern of variation in posterior standard deviations between blocks, for the highest and lowest deciles shows again the variation of more than 10 percent for grade 8 mathematics, but for the lowest decile, the variation is also that large for grade 4 reading. For grade 4 reading, as well as for grade 8 mathematics, easier blocks are associated with lower standard errors for the lowest decile, as shown in table 11. However, these effects are not much greater than for the lowest quartile, and if a two-stage strategy is implemented, it would have a larger impact through application to 25 percent of the students rather than 10 percent of the students. 
What is the impact of easier blocks on the standard errors for NAEP's demographic reporting groups?
To determine the effects for demographic groups, we carried out the same computations separately for Black, White, and Hispanic students. The results are shown in tables 12 (for mathematics) and 13 (for reading). The average P+ values for Black and Hispanic students are approximately midway between the average P+ values for all students and for the lowest quartile. Thus, providing easier booklets for the lowest quartile would provide easier booklets for some Black and Hispanic students, but the effects of easy blocks on standard errors for these groups would probably be smaller than the effects on the lowest quartile per se. The variation of average P+ values between blocks is about the same for Blacks and Hispanics as it is for the lowest quartile, slightly larger than for other students.
Variation between blocks in the posterior standard deviations for Black and Hispanic students follows a pattern similar that for the lowest quartile, as shown in table 14. The minimum PSD is more than 10 percent smaller than the maximum PSD only for grade 8 mathematics. If a particular block were to be identified for administration to the lowest quartile, it would be important that it be the same block for all reporting groups. As shown in table 14, the block with the minimal PSD is the same for all three racial/ethnic groups for mathematics, but not for reading, suggesting that use of the two-stage strategy might be more practical for mathematics than for reading, with the current block and booklet structure. 
What other factors, such as completion rate or block position may also influence standard errors for low-achieving students?
Completion rates. To investigate the impact of completion rates on standard errors, we computed the percent of students who completed each block, shown in tables 17 (for all students in four states) and 18 (for students in the lowest quartile on each state's assessment). There is a great deal of variation in the percentages of students who complete different blocks, both overall and in the lowest quartile. Comparing the patterns of completion with the patterns of P+ (shown in tables 3 and 4), it is clear that while there is some relation between completion percentage and P+ (blocks that more students complete tend to be easier blocks), the relation is not strong. In fact, for the grade 8 mathematics blocks, there is no relation between completion and P+.
Since these two potential predictors of variance in posterior standard deviations are not completely confounded with each other, it is reasonable to ask whether together they might better predict the PSDs than would the percent correct alone. However, comparing the results in table 19 with those in table 6 , we see no improvement either in the R 2 values or in the size of the coefficients relating posterior standard deviations to P+. That is, adding completion percentages to the analysis does not improve the selection of blocks that produce smaller standard errors for the lowest quartile. Block position. To investigate the hypothesis that block difficulty is only important for blocks in the first position (because the performance of low performing students is degraded if they first confront a block that is substantially too difficult), we repeated our analyses comparing blocks only when they were presented in the first position.
These analyses were only carried out for the mathematics assessment item blocks. Variation in P+, shown in tables 20 (for all students) and 21 (for students in the lowest quartile in each state), is virtually the same for the blocks in position 1 as for the blocks in either position (see tables 3 and 4). Finally, the relation between P+ and the posterior standard deviations, shown in table 23, was virtually the same when focusing on the block in position 1 as it was when focusing on booklets with the block in either position (see table 8 ). 
Discussion
This study was undertaken based on the results of a simulation (Linn et al., 2004 ) that indicated the potential for improving the accuracy of NAEP measurement for low-achieving subpopulations by including blocks of items more closely targeted to their achievement levels (i.e., easier items). We proceeded to evaluate the two-stage approach by acquiring state assessment scores (after the fact) for the 2003 NAEP assessments in four states and comparing the standard errors of lowest quartile students, based on the state assessments, when they are administered different blocks of items on NAEP. The standard errors used in the analyses were the average posterior standard deviations provided on the NAEP plausible values files.
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The quartiles of students on state assessment tests were highly predictive of NAEP achievement: approximately two-thirds of the students in the lowest quartile on a state's assessment had NAEP plausible values in the lowest quartile of the NAEP sample in that state. It should be noted that the true strength of this association may have been greater: the observed strength of relation is limited by the large individual measurement error on NAEP.
The range of variation in block difficulties in the simulation was greater than the variation among existing NAEP item blocks. During the analysis of the actual results for 2003, it became apparent that to benefit from the two-stage approach, new NAEP item blocks would be required that were more different from current item blocks than the current blocks are from each other. For grade 8 mathematics, there was evidence that such a strategy would have improved the accuracy of estimation for low-achieving population groups, but for gradethe strategy was approximately the same, whether the target group was the lowest decile or the lowest quartile of students.
Other findings were that:
1. the effectiveness of the two-stage strategy for minimizing standard errors for traditionally low-achieving demographic "reporting groups" was approximately the same as for the artificial "lowest quartile" group;
2. the effectiveness of the strategy was not increased when percent completion was added to P+ (percent correct) as indicators of blocks that would have lower standard errors for low-achieving groups; and 3. the effectiveness of the strategy was not increased when the analysis was based only on the P+ of the block presented first on NAEP.
Certain logistical issues related to the current NAEP design also must be considered in evaluating potential benefits from two stage testing. First, based on the current assessment design, each NAEP mathematics block of items contains at least one item on each of the content subscales, but for reading, each block focuses on a single content subscale. Therefore, providing an easy reading block would only (directly) improve the accuracy of measurement for that subscale. To benefit from the two-stage strategy, either easy blocks would be needed for each reading subscale, or a block would be needed which included items from all subscales.
Secondly, implementation of two-stage testing of any kind would give rise to a situation in which NAEP items would no longer be randomly assigned with equal likelihood to all students in the NAEP sample. 7 While this would not interfere with the execution of the computer programs for scoring and reporting, there is a possibility that it would lead to a critical violation of some assumption on which that scoring and reporting is based. However, we have not identified any such essential violation of assumptions, and NAEP analytical methods are already designed to deal with non-equivalent groups of test-takers.
In summary, the goal of reducing standard errors for students in the extreme quantiles still appears worthy of merit. However, certain design challenges would have to be addressed in order to take advantage of two-stage testing. More importantly, the results of this empirical analysis suggest that new NAEP blocks with more extreme P+ values would be needed to reap the potential benefits of a two-stage testing strategy.
Appendix
Twelve graphs on the following pages display the relation between block percent correct and average posterior standard deviation, averaged over subscales and students. The first four graphs are for the lowest quartile of students in each state; the second four are for the highest quartile in each state; and the final four are for the entire set of students in each state.
The regression equation and R 2 accompanying each graph are simple, unweighted results computed by Microsoft Excel. 
